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(Claims) 

(Claim 1) In a surface-polished carbon substrate for a magnetic 
disk, a carbon substrate for a magnetic disk characterized by the fact 
that a dent forming region is set by oxidation and vaporization of 
carbon by selective pulse laser irradiation of the region, including the 
contact region, where contact of the carbon substrate and the magnetic 
head occurs at the start and stop of the magnetic disk device; in which 
area of one dents formed by a single pulse of pulse laser is l-900^m 2 or 
less, depth of the dent is 10-3000A, and the surface area of the dent 
forming region is 50-99.9% of the contact region. 

(Claim 2) A magnetic disk medium characterized by the fact that a 
magnetic film, a protection film and a lubricating film are sequentially 
formed on the carbon substrate for magnetic disk described in claim 1. 

(Claim 3) A magnetic disk medium described in claim 2 
characterized by the fact that a foundation film is formed between the 
aforementioned carbon substrate for magnetic disk and the magnetic film. 

(Detailed explanation of the invention) 

(Industrial application) This invention relates to a carbon 
substrate for a magnetic disk in which the carbon substrate is subjected 
to a texture treatment and then a magnetic film and other films are 
formed on the carbon substrate to form a magnetic disk. 

(Conventional techniques) When a stationary magnetic disk device is 
not in operation (i.e., at the stop of operation), the magnetic head and 
the magnetic disk are in contact. At the start of operation, the 
magnetic head floats over the rotating magnetic disk. This mode of 
operation is called a "Contact Start Stop" (CSS) method. With this 
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method, when the stationary magnetic disk device is at the stop of 
operation, adsorption of the magnetic head and the magnetic disk occurs 
or the friction force is increased, caused by the wearing due to the 
contact between the magnetic head and the magnetic disk. As a result, 
rotation of the magnetic disk is interfered. In order to prevent such an 
adsorption and increase in friction force, surface of the substrate for 
magnetic disk is so treated as to properly adjust the surface roughness 
(rather than to a mirror- like smoothness) . Such a surface treatment is, 
in general, called a texturing. And the surface which is treated by such 
a technique is called a texture. 

Conventionally, as a substrate for a magnetic disk, the substrate 
is prepared by polishing the surface of a Ni-P plated aluminum alloy. As 
a general method for texture formation on this magnetic disk substrate, 
a mechanical texture formation method, wherein a polishing tape is 
pressed against the rotating magnetic disk substrate to form streaks, 
has been used. Recently, a method of forming unevenness (i.e., concave 
and convex parts) on the surface by irradiating the Ni-P plated layer 
with pulse laser is proposed (see EP 447025, USP 5062021, USP 5108781 
and J. Appl. Phys . Vol. 69, No. 8.15, April 1991). 

As a texture formation method of a carbon substrate for magnetic 
disk, these inventors proposed a method of roughening the surface of the 
aforementioned carbon substrate by which a surface-polished substrate is 
heat-treated at 400°C-700°C in an oxidative environment (see Japanese 
Patent Application Hei 2-83137) . 

With this method, the characteristic properties of carbon substrate 
is taken into consideration. In this texture treatment method, carbon is 
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properly vaporized by oxidation reaction of C + 0 2 - C0 2 by heat treating 
the carbon substrate in an oxidative environment. Crosses derived from 
polishing are selectively etched. By this way, fine concave and convex 
parts (i.e., dented parts) are formed on the surface of the magnetic 
disk substrate. 

(Problems this invention intends to solve) However, in order to 
achieve high density on a magnetic disk device, spacing (i.e., the 
floating clearance) between the magnetic head and the magnetic disk 
during recording/reproduction has to be made small. In order to make 
this floating clearance small, the surface roughness of the substrate 
has to be made small. 

However, if the surface roughness of the substrate is made too 
small, the contact area between the substrate and the magnetic head 
increases, and the frictional force becomes large as a result of 
adsorption. Especially when the conventional mechanical texture 
formation method with which streaks are formed is used in a magnetic 
disk where high recording density is required, controlling the density 
and the depth of the streaks is difficult and there is a limit to the 
reduction of floating clearance. 

With the conventional texture forming method with which surface of 
a carbon substrate is roughened by heating in an oxidative environment, 
depth of fine concave and convex parts on the substrate surface can be 
more easily adjusted as compared to the mechanical texture formation 
method. Proper surface roughness can be obtained without excessively 
roughening the substrate surface . 

However, a proper method for actively controlling and adjusting the 
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density of fine concave and convex parts and the distribution pattern of 
fine concave and convex parts has not been developed. Thus, the method 
is still unsatisfactory to meet the demand of low floatation of magnetic 
head for high recording densities by making the friction coefficient 
between the magnetic head and the surface of the magnetic disk small. 

Furthermore, in the conventional texture formation method with 
which texture is formed by irradiating the nickel-plated aluminum alloy 
substrate with a pulse laser, crater- form concave and convex parts are 
formed when Ni-P alloy film is spot-wise heated and melted and, then, 
cooled and solidified. With this method, surface roughness can be 
controlled to a certain degree by adjusting the pulse interval and. laser 
strength. 

However, if the so-called zone texture (i.e., texture that is 
formed only in the inner periphery part of a disk) is formed, a head 
crash may occur when the head is moved from the part where texture is 
not formed to the part where texture is formed. In other words, as shown 
in Figure 3(a), a step difference is generated on the Ni-P plated Al 
substrate (12) at the boundary of the part where texture is not formed 
and the part where texture is formed, because the height of the summit 
of the substrate surface becomes large at this boundary. Because of this 
step difference, the magnetic head and the magnetic disk easily make 
contacted, and the head crashing may occur. Furthermore, since the 
contact with the magnetic head occurs at the part where it is projected 
in a ring form, when contact area is to be controlled, there is a limit 
in exercising control in the direction of increasing the contact area. 
Thus, the magnetic disk can be worn out by contacting with the magnetic 
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head. 

This invention intends to solve such problems, and to propose a 
carbon substrate for a magnetic disk and a magnetic disk medium with 
which the friction coefficient at the contact region with the magnetic 
head can be made small, the magnetic head can be made to float lower, 
and head crash can be accurately prevented. 

(Means for solving the problems) In a surf ace -polished carbon 
substrate for a magnetic disk, the carbon substrate for the magnetic 
disk is characterized by the fact that a dent forming region is formed, 
where numerous dents are formed by oxidation and vaporization of carbon 
by discrete or continuous irradiation of pulse laser only in the region 
(in what follows, this region is called a head landing zone) including 
the contact region where contact of the carbon substrate and the 
magnetic head occurs at the start and stop of the magnetic disk device 
and its neighboring region. In this dent forming region, area of one 
dent formed by a single pulse of pulse laser is 1-900/xm 2 or less, depth 
of the dent is 10-3000A, and the surface area of the dent forming region 
is 50-99.9% of the contact region. 

The aforementioned head landing zone is, in general, set at the 
inner periphery part of the surface-polished carbon substrate for 
magnetic disk. A pulse laser is irradiated on this head landing zone to 
perform etching by heat oxidation and vaporization of the substrate. In 
this way, the substrate is treated to form a textured surface. 

(Operation) As described in this invention, when the carbon 
substrate is irradiated with a pulse laser, a fine dent is formed by a 
single pulse of the pulse laser. This is a characteristic phenomenon of 
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a carbon substrate. With other substrates such as Ni-P plated aluminum 
substrate and glass substrate, the substrate surface is simply melted. 
As described above, this invention is characterized by the fact that the 
contact area with the magnetic head is controlled by forming fine dents 
which can be formed with a pulse laser continuously in an arbitrary 
pattern on the carbon substrate. 

Namely, as the contact region (i.e., the head landing zone), where 
the magnetic disk and the magnetic head make contact, of a surface- 
polished carbon substrate is irradiated with pulse laser, the 
temperature of the substrate increases, carbon which forms the substrate 
is oxidized and vaporized, and the substrate is etched. At this time, 
the laser's photon energy directly acts upon the carbon atoms of the 
substrate to drive the carbon atoms out. One dent is formed per one 
pulse by scanning pulse laser on the substrate. Thus, fine concave and 
convex parts are formed, in which etched parts become the concave parts 
and the remaining parts become the convex parts. 

The form of the concave and convex parts formed on the surface of 
the carbon substrate for magnetic disk, step difference, density of fine 
concave and convex parts, and distribution pattern of fine concave and 
convex parts can be easily adjusted by controlling the diameter of pulse 
laser beam which irradiates the substrate, energy, and irradiating 
position. 

Furthermore, as shown in Figure 3(b), when the carbon substrate 
(13) is irradiated with pulse laser, the summit height of the part where 
concave and, convex parts are formed and the surface height of the part 
where concave and convex parts are not formed are the same. Thus, while 
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the disk is rotating and the magnetic head is floating with a prescribed 
clearance, contact between the magnetic head and the magnetic disk does 
not occur even when the magnetic head moves between the part where 
texture is not formed and the part where texture is formed. As a result, 
damage on the magnetic disk can be prevented. 

Furthermore, it is preferable that the area ratio of the 
aforementioned hole forming region in the head landing zone be 50-99.9%. 
If the area ratio is less than 50%, the effect of friction force 
reduction of the magnetic head and the magnetic disk at the time of CSS 
is small. If the area ratio exceeds 99.9%, contact pressure between the 
magnetic head and the magnetic disk at the convex parts is large and 
head crash easily occurs. 

It is preferable that the area of one dent formed by a single pulse 
of the aforementioned pulse laser be l-900//m 2 . If the area is less than 
1/xm 2 , it is difficult to control the form of the dent. If the area 
exceeds 900/xm 2 , the size of the dent becomes almost equal to the rail 
width of the magnetic head. Thus, adsorption of the magnetic head and 
the magnetic disk easily occurs. 

Furthermore, it is preferable that the depth of a dent formed by a 
single pulse of the aforementioned pulse laser be 10-3000A. If the depth 
is less than 10A, the depth becomes almost equal to the surface 
roughness. Thus, the effect of contact area reduction is small. If the 

o 

depth exceeds 3 000A, it affects the floating stability of the magnetic 
head. 

(Application examples) In what follows, application examples of 
this invention are explained in detail by referring to accompanying 
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diagrams . 

First, a method of manufacturing carbon substrate for magnetic disk 
is explained, through which the structure of the carbon substrate for 
magnetic disk is explained and, furthermore, the magnetic disk medium is 
explained. As an example, as a material for the carbon substrate for a 
magnetic disk, phenol • formaldehyde resin (a thermosetting resin) which 
becomes vitreous carbon after a carbonization baking is selected. This 
resin is hot pressed to form a magnetic disk form. This formed product 
is then prebaked by heating at 1500°C in N 2 gas environment. 

Then, this product is isotropically pressed at 1800 atmospheric 
pressure, while being heated to 2600°C, using a hot isostatic pressing 
machine (HIP) . The formed product thus obtained is then subjected to 
prescribed edge surface machining and surface polishing to form a carbon 
substrate for a magnetic disk (outside diameter: 65mm, inside diameter: 
20mm, thickness: 0.635mm). 

Next, as shown in Figure 1, this carbon substrate (1) for a 
magnetic disk is fixed onto the spindle (2) with a clamp (3) . While the 
substrate (1) is being rotated, the surface of the substrate (1) is 
vertically irradiated with a pulse laser. Namely, light emitted from the 
electric source and light source (8) is introduced to the Q switch 
crystal (6) (an optical element for conversion into high output single 
pulse light) by the light guide (7) . Pulse laser (9) is emitted from 
this crystal (6). This pulse laser is expanded (i.e., to enlarge the 
beam diameter) by the beam expander (5) . Then, the expanded pulse laser 
is focused by the condenser lens (4) and irradiates the surface of the 
carbon substrate (1) . 
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With the aforementioned method, since the laser irradiation system 
is fixed and the carbon substrate (1) installed on the spindle (2) is 
irradiated with pulse laser while the carbon substrate (1) is being 
rotated, concave and convex parts consisting of fine holes (11) are 
formed in the ring- form region (10) at the inner periphery part of the 
substrate as shown in Figure 2 (a) and Figure 2 (b) . 

As shown in Figure 4 (in which the region (10) is magnified) , in 
the dents (11) formed in region (10) of this carbon substrate's surface, 
holes (11) having diameter corresponding to the beam diameter of the 
pulse laser are two-dimensionally arranged in a mutually contacting 
manner. Since this dent forming region (10) (texture forming part) is 
formed by the irradiation of pulse laser on the carbon substrate (13) as 
shown in Figure 3 (b) , the summit height of the part where concave and 
convex parts are formed and the surface height of the part where the 
concave and convex parts are not formed are equal. Thus, while the 
magnetic head is floating with a prescribed clearance by rotating the 
magnetic disk, contact between the magnetic head and the magnetic disk 
does not occur even when the magnetic head is moved between the part 
where texture is not formed and the part where texture is formed. As a 
result, damage on the magnetic disk can be prevented. 

A carbon substrate for a magnetic disk was actually prepared under 
the aforementioned condition. Concave and convex parts were formed using 
a laser (wave length: 523nm, power: 1W, pulse frequency: 6.4KHz). As a 
result, semi -spherical dents (11) (diameter: about 4/xm, maximum depth: 
0.1/un) were formed. Such dents (11) were uniformly formed in the region 
(radius of. 14-16. 5mm from the center of the disk) with spacing of 5jxm. 
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As a magnetic recording medium, a 0.15/xm Cr film (the foundation 
film) , a 0.03/xm Co alloy layer (the magnetic layer) , and a 0.02/zm carbon 
film (the protection film) were continuously formed by a sputtering 
method on the substrate thus formed. Furthermore, as a lubrication film, 

o 

20A PTFE (Polytetraf luoroethylene) film was formed by a spin coating 
method. Figure 5 shows a cross-sectional diagram of the magnetic disk 
medium thus formed. 

Adsorption between the magnetic disk thus formed and the magnetic 
head did not occur. 

Furthermore, when the head is allowed to seek, during the rotation 
of the disk, from the part where texture was not formed to the part 
where texture was formed or when the head is allowed to seek from the 
part where texture was formed to the part where texture was not formed, 
contact between the magnetic head and the magnetic disk was not 
observed. 

Furthermore, with the aforementioned magnetic disk, the lubricating 
agent was held inside the fine holes. Reduction of the lubricating film 
caused by the rotational scattering of lubricating film could be 
prevented. 

(Effects of the invention) As explained thus far, in the invented 
carbon substrate for a magnetic disk, the texture is formed by 
irradiation with a pulse laser in the contact region where the magnetic 
head lands at the time of starting or stopping. Thus, the contact area 
of the magnetic disk medium and the magnetic head on the carbon 
substrate can be controlled by changing the beam diameter of the pulse 
laser, output power, and irradiation pattern. Furthermore, in a magnetic 



disk medium in which magnetic film, protection film, and lubrication 
film are formed on the surface of the invented carbon substrate for a 
magnetic disk, it is difficult for adsorption of the magnetic head to 
occur. And, even when the head is allowed to seek between the parts 
where the texture is not formed and the parts where the texture is 
formed, contact with the magnetic disk does not occur. Furthermore, 
since lubricating agent can be held inside the aforementioned fine 
dents, the reduction of lubricating film caused by the rotational 
scattering of the lubricating film can be prevented. 
(Brief explanation of figures) 

(Figure 1) Figure 1 is a diagram showing a laser irradiation device 
which is used in the manufacturing of the invented carbon substrate for 
a magnetic disk described in the application example. 

(Figure 2) Figures 2 (a and b) are diagrams showing the dent forming 
region in the invented carbon substrate for a magnetic disk described in 
the application example. Figure 2(a) is a plane diagram showing the 
entire substrate. Figure 2(b) gives its partially magnified view. 

(Figure 3) Figure 3 is a cross-sectional diagram showing the 
vicinity of the boundary between the part where the texture is formed 
and the part where the texture is not formed. Figure 3 (a) is the case 
when a conventional technique is used. Figure 3(b) is the case when the 
invented technique is used. 

(Figure 4) Figure 4 is a magnified diagram showing the arrangement 
of dents in the region where texture is formed, as described in the 
application example. 

(Figure 5) Figure 5 is a cross-sectional diagram of the magnetic 




disk medium described in the application example 
(Symbols) 

1, 12 , 13: carbon substrate 
2 : spindle 

10: dent forming region 
11: dents 




(Figure 1) 
[Key:] 

8 electric source and light source 
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(Figure 2) 
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(Figure 3) 
[Key:] 

[A] the part where texture is not formed 

[B] the part where texture is formed 

[C] the part where texture is not formed 

[D] the part where texture is formed 
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(Figure 4) 




(Figure 5) 
[Key:] 

[A] Cross -sectional diagram 

[B] the region where texture is not formed 

[C] the region where texture is formed 

[D] protection layer 

[E] magnetic layer 

[F] Cr foundation layer 

[G] carbon substrate. 
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ABSTRACT 

PURPOSE: To make floating of a magnetic head lower and to surely prevent a 
head clash by sufficiently lowering the coefficient of friction in a 
contact region with the magnetic head. 

CONSTITUTION: The carbon of a carbon substrate for the magnetic disk 
subjected to surface polishing is discretely or continuously irradiated 
with pulse lasers and is thereby oxidized and evaporated only in the 
contact region where the contact with the magnetic head arises at the time 
of starting and stopping a magnetic disk device, thereby, plural holes 11 
are formed and the contact region is provided with a hole forming region 
10. The area of this hole forming region 10 is 50 to 99.9% of the area of 
the contact region and the cross section formed by the single pulse of the 
pulse lasers is 1 to 900.mu.m(sup 2). Further, the depth of the holes 
formed by the single pulse of the pulse lasers is 10 to 3000 angstroms . 



RECEIVED 

MAR 2 4 1999 
Grown 9700 



;(19)H^H4filFJf (JP) 



(1 



% H «F » fit # 



(A) ^fc)^ti}K^IB#^ 

#^¥6 -290452 

(43)&BflB ¥J£ 6 ^(1994)10^ 18 B 



(51)IntCL' 
G 1 1 B 5/82 
5/84 



7303 -5 D 
Z 7303-5D 



F I 



sit* m>mo>m ol (isi) 



(21)tiJSI#^ 



(22)aiiBB 



¥^5^(1993)4 ^5 8 



PTO 2000-2915 

S.T.I.C. Translations Branch 



000001199 

mmnm*$mmm 1 tb 3#is^ 

£#»?*F7tJBEi5«fc 1 T S 5 # 5 * 

&mmwpifiM&mMii 1 ts 5# 5^ 

&m9mmE&mwii 1 ti 5 # 5 h 
(74)rsa #s± mm jem 



(54) ^7»***ffl*-#>£BaHJW^***|ft: 

(57) imm 
t. 

can*] $kim&zivfcw& i i t 4z?m#-#ymL 

$•£4 Cfc(cj: 0 H£fc<7>7L 1 1 £»JSLT?l»JSIg« 1 
0SrRI*T*4. £<0^lS»«10WiIi«tt, 
«KHSOffi»O5"0^S9 9. 9%T*£>9. 'WXU- 
lF-^W^TmSiiSflcoBffBmfi 1 00 
jum* IC, fJE/t^l/— lf-<7)JjL^;UXT* 




(b) 



1 A 

mzMmizJwx)s-~ f-am ix 

[ff*«2] c^Mr 4 x 

[ 11*83] ttKBaf^^ffla-tfyl^fcatt 
i: fllSfcTiMH SrtSttfc i i: Srftft b + * mm 2 

[000 1] 

tix^x. zn±m.wmfimi&ztiximT 4x9 

[0002] 

i-mmm wfsmT4x?mi±. ®±miz. m 
^vvbw&T<z?mfflmizbhtf. mm® 
ms^ v wmfr&msiT 4 z?±m±.t& b 

\.^0?y?'7YZ?-hXYvTlT$. (Contact Start 
Stop, WTCSSfcBH-) tfUmZhX^h. Z<D1?£ 

m ®m&74z?mmmmiz. wsa^vvt 

ti, *<^iB*«iirc*<as^lifflSfc:»f 6« 

Ai-vyy? ( texturing) fcDftffuC^S. 

[ooo3]^*, how * r/i/^-^A^ 

fflv^fiTSfc. -ofi£$vf4X?g^£f±, _tl£f-? 

frhtiX^ti. ifc. jS*, -y^H^* 

SSSftW* (3-nyy«Wp|taJK EP 447025. USP506 
2021, USP5108781ftl£fcK : J. Appl . Phys. , Vol.69, N 
o.8.15, April 1991) . 

[0004] *aaHM*, 3fefc, B^r-r x?ffi 



BHW-* «k 3 fc Lfc*ffi*l©ll L ( 1tIS¥2-83137 

[0005] *-#ywm$<rtee£*m 
mitii><7)X'h*) , £^?*f-*H8aari£fc:*i»rvc 

LTV**. 
[0006] 

iiMHsWBifcLidfc-r&iiai] ssmr 

4 x?mWcoiSi®JSHkOt:Mz\t. ffiii??£i$<Dfi&^ 
v^bm^T4X9b<r)X^.^yy. BH5>#JJWaSr 

[ o o o 7 1 u>l. mfcommz < tay& 

20 »^3&«*S b mz. &*m^i> 

tixztzx dzzmzmfcthmmmKcr-? 
tern*. mmffl&^ztL&m&rixfizmm 
L£ob Lxii. 4m<o®mmmco®wiim l < . 

[0008]-*, ®m.w®mx'<r)imzx o 

30 &zb%<mty%mmm2*%&zbmmx-$>&. 
[000 9] Lfri&tfb, wmmmmwwm 

^®{cii(tsa^^«y KC*W6W»flaSc* J: 0^5 < 
[00 10] 4fc, - y^/U'jy^«y^$:SfeUwr;U5 

if-siKoiWfffcJ: vmffl&zmimtfhhw&iimx' 

[00 1 1] L*»L, fAZftoftWmzto&rt** 
50 *^n8tt3& c *4. E0*>, 03(a) <7)BrffiSfc:^$<xS 



zo&mzxm&^v \ttm&T4X7b#mLi*t 
[0012] *muzfrfr&mmjnzmz-x%ztit:i> 

*S <thz\b 3&«f * . tt»^y hV) i 9-l*>fi»± 

t 4 x vmt&wkt h z 1 i § tfit -tft . 

[00 13] 

wtaft^y vbw&TixfbvmkimtimM 

w>< &z-ZBtiL l . < aammiteisipizz b*n 
'vuxx-Bf&.ztih-^(?)<iix-cmmtfiTjS.9 o o 

Atm2 VXTTb*). Ktt&vmZtfl 07^3 0 0 OA 
5 0%flS9 9. 9%?)aKm£<fi'*>Ui 

[0014] tBR^-y H7>-r>f vrv-y\*. 
-&?[L>tih. z.<r>^ v y=7>t< y^r-yfovvxv 

~?-zmti. mL^m^MMzkiJLv^ym 
mmwLx. as«$ioiu T-9x*\-m*Bm- 
h. 

[0015] 

[ftffl] #?&Bjj<7)«i:o£. t)-Xymmzniv*v-4f 
-&miltit%'&iz. ) *ivx v — f—^yi^j^ivx iz <£ *) 

mxf#7xmi.%b'cr>mcr>mfcx'it. mmm^mm 

LXLto<07*T$>&. ZCDXilZ^ x-xymmizs* 

juxu— f-TB^^rM^< izx-zmmiztimcD 
yxmm-hz. b \z x <o . «si^ ? h b v&fm 
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[ooi6]ep^>, mmmixm&T < x?m- 
*ymm®&^y Kfco&ifcflu* (MK5yf^ 
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/h$<. 9 9. 9%*m£&b. fl^T'^fi^^'yHh 
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30 fc, <er*O»tt*M«l^4^*qiL<s3r0, 900^ 
m2 Sr^Si:. W&^v m)s->lMb®n&<7)<lI 
frb**), m^v VbWSVr* xvwffitft.lIK 

%hfrt?X'h&. 

[0021] miwvxv-Jf-<n%JVvxx'B 
tmtLw -eoa^i. 10 kimx-hzb. 
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mm<wmnm\,z^x awn u ^ 0 
wsrr 4 x fmt-xymfacom miz^xm%-t& b 
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[00 253 mz. m&&tX5tz. ;^fa 

cw?/Pxix-if-(it*-Ax^^N-yr 5 ft: «k 
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4 ft: «fc o JisKStir /r-* ^asiR i ^aLtftysiwsn 
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BSfc) 1) y?W>&» 1 0 ftififc/KL 1 1 ft: J: & PQfliWB 

[0027] c: ^-tfygt^fficop® l o tygjftL 
fc<Hr*l Hi. j£Ki OOltf^g|5S0T'&604ft:^ 
-fid ft:. ♦F-^t.'-Agftitti&tl.It&S: 

ftii^Tti. 03 (b) ftSr$-j:3ft:. 
*yg& 1 3 fc:/ wxu-ir-fcgaw Lfc i<3T* &o 
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[00 2 9] £^J:3ft:LT#JftLfcSKft:, fi^IfiH 
5-0. 1 5/xm. ®&Mb LTCo£&Jf£0. 03u 
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20 SIWM:i*ft:?yT"f y^*&««««ft:. wxu- 
ft$*4Ci:ft:J:0, tf-tfyS^Ofimr-f 

tit. *mi<rm%7 t 4X7mt-#ymmcr>$m 

*TI±. «a^H««»*96ftLft:<^fc^ft:. 

•yh'S->—^$ti:Tt. WSkt 4 X? kcommiimiL 

3o frett^<^4>ft:^jn^^$^ii 

mfcnmmizm-fz f-mm& ^mmx- 

[02 3 *&9frmm£to&wsa< ! f t 4A7m/i-#y 
mmw < nxmssB* z^-mx-h o . < a > u^^s 
«***^r¥aiia, ( b > ii-e<oHa9&*®r26 * . 

40 [03 3 f-?;v^-JBi£»fc#JB*Sfc<^Jfcfi«* 
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zmmiz*iifcmx'h h . 
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